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The results of the magnetization studies on Pr$ Gez and Tbs Gez single crystals are reported. Single 
Crystals of Prs Gez and Tbs Ge:j compounds were successfully grown by Czochralski method. These 
compounds crystallize in a MnsSiz type hexagonal structure with space group P6z/mcm. Ferromag- 
netic correlations set in at around 36 K in Prs Gez in the ab plane followed by an antiferromagnetic 
transition at 13 K. Along the c-axis the magnetization shows a ferromagnetic transition around 13 K 
with an overall f err imagnetic behavior. At 2K, the magnetic isotherm of the compound along [0001] 
direction is typical for a ferromagnet, while a field induced ferromagnetic type response is observed 
along the [1010] direction. Hexagonal ab plane or [1010] direction was found to be the easy axis 
of magnetization. Tbs Gez orders antiferromagneticaly at 85 K with the hexagonal ab plane as easy 
axis of magnetization. The compound shows a field induced ferromagnetic behavior in its magnetic 
isotherm at 2 K. 
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I. INTRODUCTION 

RsM^R = rare earths, M = p block elements) com- 
pounds exist for a variety of 'M' elements such as M = 
Si, Ge, Ga, Pb and Sn. The crystal structure of these 
binary compounds depends upon the atomic sizes of R 
and M as well as the type of the p block element. Most of 
R5M3 crystallize in the Mn 5 Si3-type hexagonal structure 
in which the rare earth atoms occupy two inequivalent 
crystallographic 4d and 6g sites located at (1/3, 2/3, 0) 
and (xr, 0,1/4). Due to the different near neighbor envi- 
ronment associated with the two sites, R5M3 compounds 
typically show complicated magnetic structures despite 
their relatively simple formula. A variety of behaviors 
such as the coexistence of antiferromagnetic and ferro- 
magnetic components, incommensurate amplitude mod- 
ulated and conical spin structures and field induced mag- 
netic configurations are observed. The RsGe3 family of 
compounds was first studied by Buschow and Fast, us- 
ing polycrystalline materials(author?)A. Bulk magneti- 
zation indicates that CesGe3 and NdsGe3 are ferrimag- 
netic; PrsGe3, TbsGes, DysGea HosGea and ErsGes are 
weak antiferromagnets at low temperature and exhibit 
a field induced metamagnetic transition(author?)— . A 
neutron diffraction study on NdsGea (author?)— was 
more revealing and the results could best be explained 
by assuming a collinear antiferromagnetic double sheet 
structure for the Nd atoms at the 6g site and a canted 
(or a possible modulated) structure for the 4d atoms. Be- 
low 20 K a fairly strong ferromagnetic component can be 
induced by means of an external field in NdsGea. 

There are very few reports based on single crystals 
of RsGes. A single crystal of CesGea was reported to 
show dense Kondo behavior (author?)—. Tsutaoka et 
al. have reported the magnetization and electrical trans- 
port properties of single crystals of GdsGea and TbsGea 
(author?)—. GdsGe3 undergoes two antiferromagnetic 
transitions at 76 and 52 K, respectively, while a single an- 



tiferromagnetic transition at 79 K and a large magnetic 
anisotropy are observed in TbsGe3. Keeping in mind 
the complicated magnetic behavior of NdsGe3 in the or- 
dered state, we have been motivated to examine the cor- 
responding behavior in a single crystal specimen of the 
neighboring Pr5Ge3. The large magnetic anisotropy in 
TbsGes prompted us to study its magnetization behavior 
in greater detail than given in (author?)—. Accordingly, 
we have successfully grown single crystals of PrsGea and 
TbsGes and the results of our magnetization study are 
presented in this report. 

II. EXPERIMENT 

From the Phase diagram of the Pr-Ge and Tb-Ge sys- 
tem, Pr 5 Ge3 and TbsGe3 were found to be congruently 
melting with a melting point of 1490 °C and 1900 °C 
respectively. Taking the advantage of this property, we 
decided to grow both the single crystals by Czochralski 
pulling method. Starting materials were high purity Pr 
(99.95 %) and Ge (99.999%) metals from Leico indus- 
tries. Stoichiometric amount of materials were taken to 
make a 10 g (polycrystal) melt in a tetra arc furnace. 
A thin polycrystalline seed rod of respective compound 
was immersed into the melt and pulled at a speed of 10 
mm/h in pure and dry argon atmosphere. The grown sin- 
gle crystal was approximately 2-3 mm in diameter and a 
photograph of Pr 5 Ge3 pulled single crystal is shown in 
Fig. 1. 

The phase homogeneity of the crystal was checked 
using the powder X-ray diffraction. The single crys- 
tals were oriented along the principle crystallographic 
directions using back reflection Laue diffraction method 
and then cut to required size for thermal and magnetic 
measurements. The magnetic measurements were per- 
formed using superconducting quantum interference de- 
vice (SQUID - Quantum Design) and vibrating sample 
magnetometer (VSM Oxford Instruments), within a tem- 
perature range of 1.8 to 300 K and magnetic fields up to 
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Figure 1: (Color online) Photograph of pulled PrsGe3 single 
crystal 

120 kOe. The heat capacity measurement was performed 
using a physical property measurement system, PPMS 
(Quantum Design). 



Figure 3: (Color online) Crystal structure of PrsGe3 com- 
pound, the black lined edges represent the unit cell. The top, 
bottom and the central planes containing only Prl along the 
c axis represent the id planes and the remaining planes con- 
taining Pr2 and Ge represent the &g planes. 



and the middle which consist of only Pr atoms labeled 
as Prl represent the crystallographic Ad planes. The re- 
maining two planes which consist of both Pr (labeled as 
Pr2) and Ge atoms represent the 6g plane. The crys- 
tal structure can be viewed as staking of two different xy 
planes (planes containing the Ad and 6g sites) alternately 
staked along the V axis. The rare earth atoms have dif- 
ferent occupancies at Ad and 6g crystallographic sites. 
The nearest neighbor A d-Ad interatomic distance is 3.343 
A which is appreciably shorter than that corresponding 
6g-6g atomic distance of 4.005 A(author?)—. The inter- 
layer (Ad-6g) atomic distance is at an intermediate value 
of 3.758A(author?)-i. 



Figure 2: (Color online) Rietveld analysis of the X-ray powder 
pattern of PrsGe3 compound. 



III. RESULT 

As mentioned in introduction, both PrsGea and 
TbsGea form in MnsSi3 type hexagonal structure with 
space group P63/mcm (No. 193). In order to confirm the 
phase homogeneity of the compounds with proper crys- 
tallographic and lattice parameters, a Rietveld analysis of 
the observed X-ray pattern was done using FULLPROF 
program as shown in Fig. 2. The single phase nature 
of the samples was also confirmed by scanning electron 
microscopy (SEM).The lattice parameters obtained from 
the Rietveld analysis for PrsGes and TbsGe3 are a = 
8.804 A ; c = 6.588 A and a = 8.474 A ; c = 6.305 A 
respectively. The lattice parameters are in close agree- 
ment with the reported ones (author?)—. The refined 
crystallographic parameters for PrsGe3 are presented in 
Table 1 and the crystal structure is shown in Fig. 3. The 
black line edges represent a unit cell consisting of two 
formula units of PrsGe3. The xy planes on top, bottom 



Atom 


Site 


x y z U oq (A 2 ) Occ. 




Symmetry 




Prl 


4d 


0.333 0.666 0.000 0.269(2) 1 


Pr2 


6g 


0.230(1) 0.000 0.250 2.218(4) 1.5 


Ge 


6g 


0.604(6) 0.000 0.250 0.051(1) 1.5 



Table I: Refined crystallographic parameters for Pr 5 Ge3 



A. PrsGeg 

Fig. 4a shows the magnetization vs temperature curve 
for Pr 5 Ge3 under zero field cooled (ZFC) and field cooled 
(FC) conditions with applied low fields of 20 , 40 and 100 
Oe along [1010] direction. Signatures of two magnetic 
transitions at Ti « 13 K and T 2 « 36 K are seen in all 
the three fields. The upturn in the magnetization near 
T2 suggests the onset of ferromagnetic correlations in the 
ab plane, while the transition at 13 K appears to have an 
antiferromagnetic character. Its position is independent 
of the applied field while the peak at higher temperature 
(corresponding to T2 transition) broadens and shifts con- 
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Figure 4: (Color online) a: Magnetization vs. temperature 
curves for PrsGe3 with field parallel to [1010]. b: Similar 
curves with field parallel to [0001]. 



siderably to lower temperatures as the field is increased 
from 20 to 100 Oe. Thermomagnetic irreversibility under 
ZFC and FC conditions is observed for the transition at 
36 K, which typically occurs in ferromagnets with large 
magnetocrystalline anisotropy. The latter also explains 
the peak shift to lower temperatures with increasing field 
as arising from an interplay of the applied and coercive 
field. Between Ti and T 2 the FC magnetization decreases 
in a limited range as the temperature is decreased at all 
fields, which is different from the typical saturation be- 
havior of magnetization observed in ferromagnet in the 
FC mode. 

The magnetization with field parallel to [0001] axis is 
shown in Fig. 4b. There is only one magnetic transition 
at w 13 K in contrast to that with field parallel to [1010]. 
The nature of the transition seems to be ferromagnetic 
but the negative magnetization in the ZFC condition in- 
dicates an overall ferrimagnetic type of behavior. In the 
above measurements we have ensured that the notional 
zero fields in which the sample was cooled is not neg- 
ative such that the negative ZFC magnetization is not 
attributed to a large coercive field. This transition seems 
to be the analog of that appearing along [1010] direc- 
tion at «13 K but the behavior is totally different. The 
high field (3 kOe) susceptibility curve is shown in Fig. 



Figure 5: (Color online)a: High field susceptibility of Pr 5 Ge3 
along [1010] and [0001] directions with inset showing the mag- 
netic isotherm at 2 K with field along [0001] direction, b: 
Magnetic isotherms for Pr 5 Ge3 at 2 K along both the two 
directions; the inset shows the temperature variation of mag- 
netization along [1010] direction. 



5a. Along [1010] direction the T 2 peak has broadened 
appreciably to the point of becoming almost impercep- 
tible; however, the low temperature peak Ti is clearly 
seen. On the other hand the magnetization along [0001] 
direction shows a ferromagnetic ordering. The magnetic 
isotherms at 2 K for Pr 5 Ge3 with field along [0001] and 
[1010] are shown in Fig. 5b with the inset showing the 
magnetic isotherms at 40 K, 30 K, 25 K and 15 K along 
the [lOTO] direction. The plots with the field along [lOTO] 
show that overall the magnetization increases as the tem- 
perature is decreased attaining substantial values at high 
fields. Overall the behavior for T < 30 K appears to be 
a superposition of both ferromagnetic and antiferromag- 
netic components. In particular focussing our attention 
on the 2 K plot the magnetization initially increases lin- 
early with field and then moves towards saturation at 
high fields. The magnetization at low fields is less then 
that along [0001] direction, but it overtakes the latter 
at « 37 kOe and remains higher up to the highest ap- 
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Figure 6: (Color online) AC susceptibility of PrsGe3 with AC 
field along [lOTO] and [0001] directions. 



plied field of 120 kOe. The magnetization at 120 kOe is 
« 9.3 [IbI f-u. In the reverse direction, the magnetiza- 
tion exhibits a hysteresis with a coercive field of ~ 1 kOe 
(not shown). Along [0001] direction the magnetization 
increases sharply with field as expected for a ferromag- 
netic compound and exhibits a hysteresis with a coercive 
field of 3.3 kOe as shown in the inset of Fig 5a. The 
magnetization at 120 kOe is w 7.8 \xsj f-U. 

In order to get more information on the complex mag- 
netic phenomenon revealed by DC magnetization data as 
presented above, we measured the AC susceptibility of 
the compound with AC field applied along the two crys- 
tallographic directions [1010] and [0001], respectively as 
shown in Fig. 6. When the AC field is parallel to [1010] 
direction, the real part of AC susceptibility (x') shows 
peaks at approximately 36 and 13 K, whereas the imagi- 
nary part of AC susceptibility ()(") shows a peak only at 
36 K. A peak in )(', reflects any type of magnetic order- 
ing, whereas a peak in x " appears only if a ferromagnetic 
component is present. Hence a collinear antiferromag- 
netic ordering will not reflect in the imaginary part of 
AC susceptibility. The presence of peak in both x ' and 
X" at 36 K indicates a magnetic ordering with net ferro- 
magnetic component, whereas the absence of peak in x" 
at 13 K indicates a collinear type of antiferromagnetic or- 



Figure 7: (Color online) Inverse susceptibility of PrsGe3 with 
a Curie- Weiss fit. 



dering. This also supports our DC magnetization results 
where magnetization under FC and ZFC condition bifur- 
cates only at the T2 transition. It may be noted that the 
peak at 13 K in x ' is stronger than that at the higher tem- 
perature. The increase in x" at low temperatures below 
approximately 8 K is presently not understood. When 
the AC field is applied along [0001] direction, both the 
real and imaginary parts show peak at approximately 13 
K, consistent with the DC magnetization results, which 
show the dominant ferromagnetic behavior of the com- 
pound along this direction. 

The inverse susceptibility of the compound along the 
two directions is shown in Fig. 7. The solid lines are 
fits of the Curie- Weiss law to the data and furnish 6p 
= 16 K, jjL e ff = 3.58 iib and 9p = -10 K, /x e // = 3.58 
[IB along [1010] and [0001] directions respectively. In the 
paramagnetic state the susceptibility along [1010] direc- 
tion is higher than that along [0001] at high temperatures 
but at low temperature the susceptibility along [0001] 
is higher because of the ferromagnetic type of ordering 
(Fig. 5a). It must be noted that the inverse susceptibil- 
ity along [0001] direction deviates from the Curie- Weiss 
fit at much higher temperature (100 K) than along [1010] 
direction indicating a dominant crystal field effect along 
the 'c' axis of magnetization. The high temperature sus- 
ceptibility and the magnetic isotherms at 2 K show that 
the easy axis of magnetization in Pr 5 Ge3 is along the ab 
plane. 

The heat capacity of Pr 5 Ge3 and the non-magnetic 
polycrystalline reference compound LasGes is depicted 
in Fig. 8a. The heat capacity of LasGe3 increases mono- 
tonically with temperature as expected for a nonmag- 
netic compound. The heat capacity of Pr 5 Ge3 shows a 
minor peak at w 13 K and then increases with increase 
in temperature. Above 50 K the difference between the 
heat capacity of PrsGe3 and LasGe3 increases for which 
a likely reason could be the presence of Schottky contri- 
bution arising from the Boltzmann fractional occupation 
of the thermally excited crystal electric field split levels 
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Figure 8: (Color online)a: Comparison of the heat capacity of 
PrsGe3 and LasGe3. b:the 4/ contribution to the heat capac- 
ity of PrsGe3 with the inset showing the calculated entropy. 



in PrsGe3 or LasGes may cease to be a good reference 
for the lattice heat capacity at high temperatures. Some 
evidence for the former comes from the fact that the high 
temperature part (above 100 K) of the heat capacity of 
PrsGe3 could not be fitted to the sum of electronic (7T) 
and lattice contributions (Debye Integral) alone. The 
4/ contribution to the heat capacity (C4/) of Pr 5 Ge3 
(Fig. 8b) was isolated by subtracting the heat capacity of 
LasGea taking into account the slightly differing atomic 
masses of La and Pr. The peak at 13 K is now sharper 
in agreement with the magnetic ordering along both the 
crystallographic axes as deduced from the magnetization 
data above. There is no apparent anomaly at 36 K but a 
broad hump centered at w 25 K is seen. We believe that 
the magnetic contribution to the heat capacity around 
36 K may get submerged under the over-riding Schottky 
anomaly which appears to be present as inferred from the 
upturn in the 4/ heat capacity beginning at T w 35 K. 
The entropy calculated from C4/ is 3.2 and 6.3 J/mol-Pr 
K at 13 and 40 K, respectively, compared to the value 
5.76 J/mol-Pr K for a doublet ground state. This shows 
that a substantial short range order exists above 13 K. 
The T 2 peak in the magnetization along [1010] and the 
hump in the heat capacity may be a signature of the short 



Figure 9: (Color online) a: Magnetic susceptibility of TbsGe3 
along both the crystallographic direction, b: Inverse mag- 
netic susceptibility; the solid line through the data point in- 
dicate the Curie- Weiss fit. 



range order. 

B. Tb 5 Ge 3 

The susceptibility of TbsGe3 with field applied along 
the crystallographic directions is shown in Fig. 9a. The 
susceptibility with field parallel to [1010] direction ex- 
hibits a sharp peak at T^ = 85 K characteristic of an an- 
tiferromagnetic transition. The susceptibility with field 
parallel to [0001] shows a kink at « 85 K followed by a 
broad hump at low temperatures (between 20 to 50 K), 
indicating a relatively complex behavior. The inverse 
susceptibility is plotted in Fig. 9b. In the paramagnetic 
region the fit of the Curie- Weiss law to the data furnishes 
9 P = 62 K, fieff = 9.75 [i B and P = -140 K, fjL eff = 9.6 
[1b along [1010] and [0001] directions respectively. The 
magnitude of the susceptibility along the two axes re- 
flects the highly anisotropic magnetic response and also 
shows that [1010] is the easy direction of magnetization. 

Fig. 10 shows the magnetic isotherm of TbsGes with 
field along [lOTO], [0001] and [1120] (lies within the ab 
plane) directions at 2 K. We have applied fields up to 
120 kOe which exceed significantly the maximum applied 
field of 50 kOe used by Tsuoka et al. As a result we see 
extra features in the magnetization at high fields. The 
magnetization along [1010] direction undergoes multiple 
metamagnetic transitions at w 34, 42, 82 and 92 kOe, 



Figure 10: (Color online) Magnetic isotherm of TbsGe3 with 
field along [lOTO], [0001] and [1120] directions. The inset 
shows the expanded magnetic isotherm at low field with ar- 
rows pointing the metamagnetic transitions. 



Figure 11: (Color online) Magnetic phase diagram of TbsGe3 
constructed using the temperature variation of magnetic 
isotherms with field applied along [1010] direction. The dot- 
ted lines represents the expected imaginary path of the curve. 



respectively. The former two magnetic transitions are 
spin-flip type where as the latter two are spin-flop type. 
The curved nature of the magnetic isotherm between ap- 
proximately 60 and 80 kOe in the increasing direction 
of the field suggests a canted configuration of the an- 
tiferromagnetic state (AF II, Fig. 11). The maximum 
magnetization at 120 kOe is « 7.5 /xs/Tb, which is little 
less than the saturation moment of Tb 3+ ion. Hence the 
latter two metamagnetic transitions drive the compound 
to the field induced ferromagnetic state. A significant 
amount of hysteresis is observed during the demagneti- 
zation of the sample, due to the pinning of the domain 
walls in an anisotropic ferromagnetic material. The field 
induced ferromagnetic state of the compound indicates 
the weakly coupled antiferromagnetic nature of the com- 
pound. The magnetization along the hard axis undergoes 
a minor metamagnetic transition w 40 kOe. This result 
is in contrast with that reported previously (author?) 4 , 
where no metamagnetic transition is encountered up to 
a field of 50 kOe. The magnetization at 120 kOe and 
2 K is w 1.8 /is/Tb, which is far less compared to that 
obtained with field along [1010] direction, as expected for 
a hard axis of magnetization. When the field is applied 
along the [1120] direction the magnetization undergoes 
two spin-flop type metamagnetic transitions at approx- 
imately the same values as that with field along [1010] 
direction. The magnetization at 120 kOe and 2 K is ~ 
8 /xs/Tb, which is « 0.5 ^t_e/Tb higher then that along 
[1010] direction and close to the saturation moment of 
the Tb 3+ ion. The magnetic phase diagram of the com- 
pound constructed from the temperature variation of the 
magnetic isotherms (not shown) with field applied along 
the easy axis of magnetization [1010] is shown in Fig. 
11. The symbols AF, AF I, AF II and AF III represents 
the three different antiferromagnetic states (including the 



canted antiferromagnetic state) of the compound. 



IV. DISCUSSION 

In the preceding sections we have presented the inter- 
esting magnetic behavior of Pr 5 Ge3 and TbsGe3. PrsGea 
orders ferrimagneticaly near 13 K with a dominant fer- 
romagnetic component when the field is applied along 
[0001] direction. Along the [1010] direction there are two 
transitions at Ti and T 2 ; the transition at Ti appears to 
be antiferromagnetic, while the upturn occurring at the 
higher temperature T2 suggests the presence of ferromag- 
netic type correlations. At high fields the behavior of 2 K 
isotherms along both the crystallographic axes is domi- 
nantly ferromagnetic type. Since there are two symmetry 
inequivalent crystallographic sites, 4rfand 6g, for the rare 
earth ion and the nearest neighbor 4d-4d distance is sig- 
nificantly lesser than the corresponding 6g-6g distance, 
site dependent magnetic response is in principle possible. 
The latter is actually seen in the neighboring (similar 
lattice parameters) isostructural compound NdsGes as 
mentioned in the Introduction. In Pr5Ge3 the behav- 
ior of the magnetization around ss 36 K with field along 
[1010] direction, which bears the signature of the onset 
of the ferromagnetic type correlations can plausibly be 
attributed to the ions present at the l^d site. The Ad site 
moments being relatively closer to each other compared 
to the other ions arecoupled more strongly by the indirect 
RKKY exchange interaction. With further decrease in 
the temperature the second magnetic transition at « 13 
K may be due to the ab plane-projected collinear antifer- 
romagnetic type ordering of the Pr 3+ moments at the 6g 
site. As already mentioned above, the latter is strongly 
suggested by AC susceptibility. The (real part) of 
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the AC susceptibility includes contributions from both 
magnetic rotation and domain wall movement, whereas 
X" (imaginary part) reflects the energy loss due to the 
movement of domain walls. If the antiferromagnetic or- 
dering is collinear then the resulting moment is zero and 
hence no movement of domain walls is involved, result- 
ing in the absence of peak in x"- We further speculate 
that between Ti and T2, the evolution of Ad- Ad, Ad-Qg 
and 6g-6g interactions with temperature is such that it 
overall gives rise to a decrease in the FC magnetization 
in a limited range of temperature, as already mentioned 
above. 

Along [0001] direction, the peak seen in both the real 
and the imaginary part of the AC susceptibility supports 
the ferromagnetic nature of the transition at 13 K, in tune 
with the DC magnetization results presented above. The 
relatively sharp nature of the peak is typically seen in 
highly anisotropic magnetic compounds, corroborated by 
the high coercivity (« 3 kOe at 2 K) seen in the magnetic 
isotherm. 

The magnetic isotherms along [1010] and [0001] direc- 
tions at 2 K show that at high fields Pr 5 Ge3 is like a fer- 
romagnet. At 2 K the moment at 120 kOe is « 9.3 /ib/ 
f.u. and 7.8 hb/ f-u. along these two directions, repec- 
tively. Keeping in mind that the saturation moment of 
free Pr 3+ ion is 3.2 /ib and the likely reduction in the 
moment due to the crystal electric fields, the magnetiza- 
tion response involves the polarization of Pr ions of both 
sublattices. Of course, the magnetization along [1010] is 
larger because it is the easy axis of magnetization. 

The absence of any anomaly at 36 K when the field is 
applied along the [0001] axis may be rationalized by as- 
suming that the easy axis of magnetization for the Pr-4<i 
moments is in the a6-plane. As the temperature is low- 
ered a dominant ferromagnetic component is observed at 
w 13 K with an overall ferrimagnetic behavior. Since the 
ordering temperature (« 13 K) is similar to that occur- 
ring also along [1010] direction, it is possible that the 
orientation of the 6g moments is such that it can be re- 
solved into a collinear antiferromagnetic configuration in 
the ab plane and a ferromagnetic component along the c- 
axis. In order to explain the ferrimagnetic response at low 
temperatures, we postulate that i) the anisotropy of the 
6g sublattice is stronger than that of 4d-sublattice and ii) 
the exchange interaction between the 6g and the Ad mo- 
ments forces the latter to reorient from their easy axis. 
In order to get the full details of the magnetic configu- 
ration, neutron diffraction on a single crystal is required. 
The arrangement of the magnetic moments in these com- 
pounds can be very complex. For example, a recent neu- 
tron diffraction experiment on HosGe3 (author?)— finds 



between Tni = 27 K and Tn2 = 18 K, a sine-modulated 
ordering with two propagation vectors Ki = [0,0, ±3/10] 
and K2 = [0. 1/2,0]. The magnetic configuration changes 
below Tn2 and is described by four propagation vectors 
Ki = [0,0, ± 3/10], K 2 = [0,1/2,0], K 3 = [0,0, ± 2/5] 
and K 4 = [±1/5, ±1/5, 0]. 

TbsGe3, by contrast, shows a relatively simpler pro- 
cess of magnetic ordering. A peak at Tjv = 85 K is seen 
in both directions, though it is far more prominent along 
[1010] (ab plane), the easy axis of magnetization. The 
leveling of the susceptibility at low temperatures along 
[1010] direction may be due to the incommensurate mag- 
netic transition reported by (author?)— to occur between 
75 to 50 K, which transforms into a spiral type anti- 
ferromagnetic structure at low temperatures. The com- 
pound is a weakly coupled antiferromagnet in the sense 
that polycrystalline average of the paramagnetic Curie 
temperature is low (-16 K) and also the compound un- 
dergoes a field induced ferromagnetic transition at 2 K. 
The saturation moment obtained at 120 kOe and 2 K is 
close to that reported from the neutron diffraction (au- 
thor?)^ the Tb 3+ ion in Tb 5 Ge 3 . Along the hard 
axis of magnetization there is an evidence of a metam- 
agnetic transition at « 40 kOe. Such transitions along 
the hard axis of magnetization are generally attributed 
to the crossing over of the crystal field split energy levels 
as shown in case of NdRhlns (author?)—. The reason 
for hysteresis appearing in the magnetic isotherm is not 
known. 



V. CONCLUSIONS 

In conclusion, we have studied the magnetic properties 
of single crystalline PrsGe3 and TbsGe3. Hexagonal ab 
plane or [1010] direction was found to be the easy axis 
of magnetization for Pr 5 Ge3. In the ab plane, the mag- 
netization shows a ferromagnetic type upturn at w 36 
K followed by a collinear antiferromagnetic ordering of 
the moments at w 13 K. Along [0001] direction the com- 
pound shows a dominant ferromagnetic transition at w 
13 K with an overall ferrimagnetic type behavior. At 2 K, 
the magnetic isotherm of the compound along [0001] di- 
rection is typical for a ferromagnet, while a field induced 
ferromagnetic type response is observed along the [1010] 
direction. TbsGes was found to order antiferromagneti- 
cally at 85 K with a hexagonal ab plane as a easy axis of 
magnetization. The compound undergo a field induced 
ferromagnetic state at low temperatures along the easy 
axis of magnetization. 
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